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® DEVICE FOR IRRADIATING LASER BEAMS. 

® This invention relates to a device for irradiating 
laser beams to be used when applying laser beams 
to an animal, human, for example, tissue to perform 
incision, transpiration, or thermotherapy on the tis- 
sue, or when expanding a constricted part caused by 
cholesterol in a narrow passage in an organic tissue, 



for example, a blood vessel of a human body. A 
plurality of optical fibers to transmit laser beams 
emitted from the laser beam generator and at least 
tips of said fibers are exposed as cores and each 
core part is integrally covered with a cladding ma- 
terial which is used as a laser beam emitting body. 
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TechnicalField 

This invention relates to laser light irradiation 
apparatus, which irradiates laser light to living tis- 
sues of an animal such as a human body for use 
an incision, vaporization of the living tissues or a 
thermal therapy and in case of widening a narrow 
path of the living tissues such as a stricture part 
caused by cholesterol formed in the blood vessel 
of the human body. 

PriorArt 

fVledical treatments such as Incisions of living 
tissues of animal organisms by laser light irradia- 
tion are conspicuous due to its ability of hemosta- 
sis in these days. 

It had been the conventional method that the 
laser light was irradiated from the fore end of an 
optical fiber which is brought out of contact with 
the living tissues. But this method causes severe 
damage to members of the optical fiber. Therefore, 
a method which has been utilized lately is as 
follows; 

First, laser light is transmitted into an optical 
fiber, whose fore end portion locates adjacent to 
treated living tissues: Next, the laser light is fed 
into an emitting probe from the optical fiber. This 
emitting probe is brought into or out of contact with 
the living tissues. Then, the laser light is emitted 
from the surface of the probe for irradiating against 
the living tissues, (hereafter "living tissue" is some- 
times expressed by "tissue" only). 

The inventor developed many kinds of contact 
probes which are utilized for various purposes. 

When the contact probe of this type was used 
in the prior art. the fore end of an optical fiber was 
located so as to be apart from the back end face, 
that is an impinging face, of the probe. In this case, 
a physiological salt solution or pure air was passed 
through a gap formed between the optical fiber and 
a holder supporting the optical fiber, and through a 
space formed between the impinging face of the 
probe and the fore end of the optical fiber. Then, 
although the laser light having high power level is 
impinged on this impinging face of the probe, this 
face could be cooled due to passing of this fluid 
matter, thus, the damage of this face was pre- 
vented. Further, the reverse of the pieces of living 
organism, a blood flow and the like, which might 
have been occurred by a medical operation, could 
be also prevented due to the passing of this fluid 
matter. 

On the other hand, the inventor proposed, in 
Japanese Patent Application No. 63-171688, a la- 
ser light medical treatment equipment for burning 
off a stricture part caused by cholesterol formed on 
the inner wall of a blood vessel. 



Before this application, for the treatment of the 
stricture part, a heat wire probe was inserted into 
the stricture part. Then, since the heat wire probe 
was heated as a whole, a normal blood vessel 

5 other than the stricture part was possibly damaged. 
Therefore, in order to prevent the normal blood 
vessel from being damaged, the laser light medical 
treatment equipment was proposed. According to 
this equipment, while a laser light emitting probe is 

10 progressed through the blood vessel to locate be- 
fore the stricture part formed in the blood vessel, 
the laser light is emitted so as to be irradiated 
against only the stricture part, which is beyond the 
probe. 

15 Further, lately, a localized thermal therapy is 

drawing special attention as a carcinostatic therapy. 
According to this method, cancer tissues are de- 
stroyed by keeping the cancer tissues at a tem- 
perature of about 42-44'C for 10-25 minutes by 

20 laser light irradiation. The effectiveness of this 
method has been reported by the inventors In the 
bulletin of Japan Society of Laser Medicine, vol. 6. 
No. 3 (January 1986). pp. 71-76 & 347-350. 

On the other hand, considerable attention has 

25 been paid to laser-chemical therapies including the 
method reported in 1987 by Dougherty et al of the 
United States. According to this method. 48 hours 
after an intravenous injection of a hematoporphyrin 
derivative (HpD), weak laser-light such as argon 

30 laser or argon pigment laser is irradiated against a 
target area of the treatment. Whereupon oxygen of 
the primary term which has a strong carcinostatic 
action Is produced by HpD. Since then, there have 
been published various reports in this regard, in- 

35 'eluding the one in the bulletin of Japan Society of 
Laser Medicine, vol. 6. No. 3 (January 1986). pp 
113-116. In this connection, it has also been known 
in the art to use "pheophobide a" as a photo- 
reactant. Further, recently, YAG laser has been put 

40 into use as a laser-light source. 

In the above mentioned medical treatment, it is 
important that the laser light is irradiated uniformly 
for the cancer tissues and. in case of the thermal 
therapy, it is particularly important that the cancer 

45 tissues are heated uniformly. 

Further, for heating the tissues uniformly, the 
inventor disclosed in Japanese Patent Application 
Laid-Open No. 63-216579, that apparatus has plural 
number of laser light emitters and an equipment for 

50 adjusting the power level of the laser light imping- 
ing into the emitters. 

In case that the laser light is irradiated against 
the tissues from an optical fiber directly or through 
the intermediary of a contact probe, the power 

55 level of the laser light irradiated against the tissues 
is the largest at a center position of an irradiated 
area on the surface of the tissues. The center 
position is contacted by the center of the optical 
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fiber or that of the contact probe, then, the power 
level is lowered as a position on the surface of the 
tissues parts away from the above mentioned cen- 
ter position. 

For example, as shown in Fig. 28, when the 
laser light is irradiated against the tissues M with a 
contact probe P. the temperature distribution of this 
figure shows a distribution, which is similar to a 
normal distribution. If the power level of the laser 
light is raised, the size of this temperature distribu- 
tion is also enlarged to be a substantial similar 
figure. However, the power level of the laser light is 
increased to an excess level, the tissues corre- 
sponding to the peak of the temperature distribu- 
tion are damaged seriously. Accordingly, it is im- 
possible that enlarging an irradiation area is carried 
out by only adjusting of the power level of the laser 
light. 

Therefore, it is difficult to irradiate the laser 
light uniformly, and particularly more difficult to 
irradiate the laser light uniformly against the tissues 
having broad area. Accordingly, within the limit of 
the predetermined power level of the laser light, 
laser light irradiation against each small part of the 
tissues should be repeated many times in order to 
carry out the irradiation against the all of the treat- 
ed tissues having the broad area. As a result, a 
medical operation can not be carried out quickly. 

Under these circumstances, as described be- 
fore, the inventor proposed in Japanese Patent 
Application Laid-Open No. 63-216579 that the plu- 
ral number of probes as the laser light emitters are 
provided and the laser light is irradiated from each 
probe simultaneously. 

Although the laser light can be irradiated 
against the tissues haying a broad area to some 
degree by provision of the plural number of laser 
light emitting probes, the necessity of the probes 
causes a following problem. 

For forming the uniform temperature distribu- 
tion on the irradiated tissues, the probes should be 
located at precise positions respectively so as to 
be contacted with the tissues uniformly. Therefore, 
the medical operation can not be carried out quick- 
ly due to troublesome in precisely locating the 
probes. On the other hand, since each optical fiber 
should correspond to each probe, the size of ap- 
paratus is large. Accordingly, this apparatus can 
not be used for a medical treatment in a narrow 
path in the tissues such as a catheter in a blood 
vessel* 

On the other hand, in case of a treatment for a 
so-called angio-plasty. which means burning off the 
stricture part formed on the inner surface of the 
blood vessel to widen the inside of the blood 
vessel, as described before, the inventor proposed 
the laser light in-adiation probe. In this case, the 
probe can be used instead of the conventional heat 



wire probe and is inserted into the blood vessel 
along the flexible guide wire, which was inserted 
into the blood vessel previously. Further, in an 
embodiment of this proposal, in order to prevent 

5 the guide wire from being damaged by the laser 
light Irradiation, the guide wire is placed so as to 
be deflected from the axis of the probe. 

However, as shown in Fig. 29, deflection of the 
guide wire in relation to the axis of the probe 

70 causes a following problem. When a probe P is 
progressed In the blood vessel until the probe P 
reaches at its bending part, due to the deflection of 
the guide wire, the probe P should be forced to be 
progressed further in the blood vessel against the 

75 original bending part. Therefore, the bending man- 
ner at this original bending part of the blood vessel 
is set to be changed to another bending manner.' In 
this case, when the laser light is irradiated against 
the stricture part m. there is the fear of breaking of 

20 the wall of the normal part of the blood vessel BV 
other than the stricture part m or so-called perfora- 
tion. 

The energy distribution of the laser light irra- 
diation from the probe and the above mentioned 
25 temperature distribution shown in Fig. 28 have a 
common characterization. That is to say. in this 
energy distribution, there is a peak at its center 
while the level is gradually lowered at the both 
sides. Therefore, while the center of the stricture 
30 part m is completely burnt off. the inner wall of the 
stricture part m. which parts away from the center, 
often still remains not to be burnt off. Accordingly, 
the power level of the laser light should be raised 
in order to burn off the whole stricture part com- 
as pletely. However, if a normal part of the inner wall 
of the blood vessel locates to be faced the center 
of the emitting face of the probe due to the bendr 
ing of the blood vessel, there is a fear that the 
normal part is burnt and the perforation is also 
40 caused there. 

On the other hand, in conventional apparatus 
where the fore end of the optical fiber is located so 
as to be apart from the back end face of the probe, 
there are following problems; 
45 (1) When the laser light is impinged on the back 
end face of the probe from the fore end of the 
optical fiber, the impinging face of the probe is 
heated, thus, the cooling fluid should be sup- 
plied as explained before. Then, an equipment 
so for supplying the fluid is necessary resulting 
expensive apparatus. Further, a path of the fluid 
should be provided, thus apparatus can not be 
designed so frequently. Further, the cooling fluid 
might be flown into the tissues of a human 
55 body, thus, a bad effect is caused for the human 
body. 

(2) Due to the space formed between the tore 
end of the optical fiber and the back end face of 
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the probe, the power loss of the laser fight is 
produced. Accordingly, in order to compensate 
for this power loss, a large sized laser light 
generator Is required. 

(3) The cooling fluid is, as described before, 
also used for cleaning the the fore end face of 
the optical fiber and the back end face of the 
probe. However, they are not cleaned sufficient- 
ly with the fluid, thus, their damage caused by 
incomplete cleaning can not be prevented com- 
pletely. 

It is therefore a main object of the present 
invention to provide small sized laser light irradia- 
tion apparatus, by which laser light can be irradi- 
ated against living tissues uniformly, if desired, 
against the living tissues having a broad area. 

It is another object of the present invention to 
provide laser light irradiation apparatus, in which a 
guide wire and a lead wire for detecting a tempera- 
ture are provided so as to be coaxial with a laser 
light emitter. 

It is still another object of the present invention 
to provide laser light irradiation apparatus, in which 
the power loss of the laser light is very low and in 
which the supplying of a cooling fluid is not re- 
quired. 

Disclosureof the Invention 



Laser light irradiation apparatus of the present 
Invention comprises the plural number of optical 
fibers and a laser light emitter. Each optical fiber 
transmits laser light fed from a laser light generator 
and at least the fore end portion of each optical 
fiber is exposed to be a core. Then, the exposed 
cores are surrounded by a clad-material serving as 
the laser light emitter. 

Accordingly, the laser light emitted from the 
fore end portion of the optical fiber is impinged into 
the clad-material directly. Then, the power loss of 
the laser light is not produced at all between the 
emitting face of the optical fiber and the impinging 
face of the clad-material. Therefore, a laser light 
generator having a low power level is enough to be 
used in this apparatus. It leads low cost. In the 
prior art. damages were caused by the pieces of 
the living organism and the blood in the space, 
which was formed by optical connection between 
the optical fiber and the laser light emitter. How- 
ever, since the fore end portion of the optical fiber 
is buried in the clad-material. such damages are 
not caused. Further, in the present invention, the 
impinging face of the laser light emitter is not 
heated, thus, the supplying of the cooling fluid is 
not required. As a result, the above mentioned 
problems are solved clearly by the present inven- 
tion. 

In order to make a power level distribution of 



laser light irradiation be flat, in a preferable em- 
bodiment, four or more than four optical fibers are 
provided, at least the fore end portion of each 
optical fiber is exposed to be a core, the cores are 
5 surrounded by the clad-material serving as the 
laser light emitter.and the arrangement of the op- 
tical fibers at their base portions is different from 
the arrangement of the optical fibers at their fore 
end portions. 

10 Further, according to the present invention, the 

plural number of optical fibers are provided so that 
their fore end portions are buried in the material of 
the laser light emitter, that is the clad-material.. 
Therefore, in each power level distribution of the 

75 laser light irradiation from the emitting face of the 
laser light emitter, there is a peak at each axis of 
each optical fiber. That is to say, as shown in Fig. 
1. a whole energy distribution, which is produced 
by combining each energy distribution, shows a 

20 uniform and broad energy distribution. 

In a preferable embodiment described 
hereinafter, the base portions of the optical fibers 
are twisted or distorted so that the arrangement of 
the optical fibers at their base portions is different 

25 from the arrangement at their fore end portions. 
Therefore, laser light paths are randomized by 
twisting and distortion. Then, as shown in Fig. 1. 
even if the laser light is fed into each optical fiber 
with each distribution, which is similar to a normal 

30 distribution, the power level distribution of the laser 
light irradiation from the laser light emitter shows, 
as a whole, a flat distribution. 

On the other hand, for the angio-plasty in the 
conventional art, only the center part of a blood 

35 vessel was mainly burnt off. However, by the 
present invention, the laser light is emitted also 
from the circumferential part of the fore end face of 
the emitter. Therefore, the inner wall of the blood 
vessel as well as the center part can be burnt off 

40 surely. Due to this complete burning, laser light 
emission with high power level is not required. 
Further, even if the blood vessel is bent, thereby, 
the normal part of the inner wall of the blood vessel 
is set to be faced the center position of the emit- 

45 ting face of the emitter, since the power level of the 
laser light irradiation is not so high, there is no fear 
of perforation at the normal part. 

In case of a thermal therapy, since the tissues 
having a broad area are heated uniformly, this 

50 therapy can be performed quickly and there is no 
fear that the tissues at a center position of the 
irradiated area is damaged seriously. 

On the other hand, by forming a through-hole 
along the axis of the laser light emitter, the laser 

55 light is not emitted from a center part of the fore 
end face of the emitter. Accordingly, from the view 
of the whole power level distribution of the laser 
light irradiation, the laser light Is emitted more 



4 



7 



EP 0 443 033 A1 



8 



uniformly. Further, the guide wire can be inserted 
through the through-hole. thus, the guide wire can 
be provided at the center of the probe. Therefore, 
when the emitter (probe) is inserted along the 
guide wire, the emitter can be always set to locate 
at the center of the blood vessel as shown in Fig. 
22. Therefore, the blood vessel is not forced to be 
bent, thereby, the perforation, which might be 
caused due to the bending of the blood vessel, by 
the laser light irradiation against the normal part of 
the blood vessel, is not occurred. 

By providing the through-hole in this apparatus, 
the thermal therapy can be also performed effi- 
ciently. That is to say, the lead wire detecting the 
temperature such as a thermocouple can be in- 
serted through the through-hole so that the tip end 
of the lead wire can be pushed into the center of 
the target area to detect the temperature there for 
the efficient thermal therapy. However, in the prior 
art. since a thermocouple was provided so as to 
pass around and attach along the side of a probe, 
the thermocouple was set to be inserted into a 
position deflected from the center of the irradiated 
target area. Comparing the prior art. in the present 
invention, as described above, the thermal therapy 
can be performed under the precise temperature 
control due to the suitable location of the lead wire. 

While plural number of pairs of optical fibers 
and probes were provided In conventional appara- 
tus, in apparatus of the present invention, plural 
number of optical fibers correspond to one emitter. 
Accordingly, although this apparatus has also plural 
number of optical fibers, the size of this apparatus 
is smaller than conventional apparatus. Therefore, 
this apparatus can be inserted into a narrow path of 
organisms. 

BriefPescription of the Drawings 

Ftg. 1 is a longitudinail sectional view of laser 
light irradiation apparatus in a first embodiment 
related to the present invention; Fig. 2 is an ex- 
panded sectional view of an important part of Fig. 
1; Fig. 3 is a sectional view taken on line Ill-IH of 
Fig. 2; Fig. 4 is an elevational view showing the 
producing operation of laser light irradiation ap- 
paratus of Fig. 1 in a preparation stage; Fig. 5 is a 
longitudinal sectional view of a laser light transmit- 
ting part of laser light Irradiation apparatus; Figs.. 6 
and 7 are longitudinal sectional views of important 
parts of laser light emitters respectively related to 
the present invention; Fig. 8 is a sectional view 
taken on line VIII-VIII of Fig. 7; Rg. 9 Is a longitudi- 
nal sectional view of an important part of another 
laser light emitter; Figs. 10, 11. 12 and 13 are side 
views respectively taken on the four lines of Rg. 9; 
Fig. 14 is a longitudinal sectional view of an Impor- 
tant part of a laser light emitter having a claw- 



shape; Figs. 15, 16 and 17 are sectional views 
having several shapes respectively taken on line C- 
C of Fig. 14; Fig. 18 is a plan view of the fore end 
portion of a laser light emitter having a chisel- 

5 shape; Fig. 19 is a sectional view taken on line XIX- 
XIX of Fig. 18; Fig. 20 is an elevational view of Rg. 
18; Fig. 21 is a side view of Fig. 18; Fig. 22 is a 
longitudinal sectional view of an embodiment of 
laser light irradiation apparatus used for angio- 

10 plasty; Fig. 23 is a longitudinal sectional view of an 
important part of laser light irradiation apparatus 
carrying out a thermal therapy; Fig. 24 is a longitu- 
dinal sectional view of an important part of laser 
light irradiation apparatus, which is modified from 

15 the first embodiment; Rg. 25 is a sectional view 
taken on line XXV-XXV of Rg. 24; Fig. 26 is a 
longitudinal sectional view of an important part of 
another laser light irradiation apparatus; Fig. 27 is a 
longitudinal sectional view showing an operation for 

20 forming an inserting guide prior to inserting of the 
apparatus of Fig. 26 into tissues; Fig. 28 is a 
schematic illustration for a power level distribution 
of laser light irradiation with a laser light emitter; 
Fig. 29 is a longitudinal sectional view showing an 

25 embodiment as a reference of a medical treatment 
for a blood vessel having a stricture part. 

TheBest Mode to Carry Out the invention 



30 Now, the present invention is described more 

particularly with several kinds of embodiments. 

Figs. 1, 2 and 3 show a first embodiment of 
laser light emitting apparatus connected to an en- 
doscope. Plural number of, preferably four or more 

36 than four, more preferably ten or more than ten 
optical fibers compose a base portion X as a laser 
light transmitting part and a fore end portion Y as a 
laser light emitting part, although a boundary be- 
tween these two portions X and Y can not be 

40 shown in this figure. 

For explaining the composition of this appara- 
tus clearly, the producing method of this apparatus 
will be explained previously. First, as shown in Fig. 

4, original optical fibers 1. 1 are prepared. Each 
45 original optical fiber 1 has a core 1 A and a clad IB 

surrounding the core 1A. Then, while at the base 
portion X. the fibers 1. 1 are twisted in an irregular 
manner, the twisted original optical fibers 1. 1 at 
the base portion X are heated to a temperature, 

50 which is substantially the same temperature as or 
higher temperature than the melting point of the 
clad IB and which is lower temperature than the 
melting point of the core 1A. Then, at the base 
portion X, the dads IB, IB of original optical fibers 

65 1. 1 are moulded to be one clad 10B, which 
includes the twisted cores 1A. 1A as shown in Fig. 

5. . ^ 
On the other hand, at the fore end portion Y. 
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the original optical fibers 1. 1 are not twisted but 
arranged in parallel separately. A clad-materlal IDA 
is heated to be nnelted. Then, the optical fibers 1 , 1 
arranged in parallel are dipped in the melted ciad- 
material IDA to a predeternnined depth, at which 
the laser light can be penetrated. Thus, since the 
clad-material 10A is heated, the dads IB, IB can 
be nnelted to be nnixed into the clad-material 10A. 

In this case, the temperature, to which the 
clad-material Is heated, is the same as or higher 
than the melting point of the clad 1 B and which is 
lower than the melting point of the core 1A. Fur- 
ther, the clad 1B and the clad-material 10A are 
fabricated from materials, which have similar com- 
positions so that they can be moulded to be one 
substance easily. For example, these materials are 
same quartz or two kinds of quartz which differs in 
only melting point. Further, the core 1A Is prefer- 
ably fabricated from a material, which is also simi- 
lar to the material of the clad IB and the clad- 
material 10A. Therefore, in this embodiment, quartz 
can be used as a suitable material of the core 1A. 

As a result, a laser light emitter 20 composing 
the resulting clad-material IDA and the number of 
cores 1A. 1A. which are arranged in parallel and 
which are Included in the clad-material 10A. The 
clad-materlal 10A includes also the melted clads 
IB, IB. However, since the boundary between the 
clad-materlal 10A and each clad IB is not clear, 
the clads are not shown in this figure. 

The shape of the laser light emitter 20 depends 
on the shape of a container including the clad- 
material 10A. For example, as shown in Fig. 1, if 
the container has a constriction at the back end of 
the emitter 20, the shape of the laser light emitter 
20 should be provided with an open having an 
inner diameter corresponding to the diameter of the 
constriction. 

The laser light irradiation apparatus of this type 
described above is used as follows. First, laser 
light fed from a laser light generator 2 goes 
through an impinging lense 3. Next, the laser light 
from the lense 3 is impinged from the back end 
face of each twisted core 1A. Then, the impinged 
laser light Is transmitted in each core 1 A to be 
emitted from the fore end face of each core 1A. 
Further, the emitted laser light goes through the 
clad-material 10A to be emitted from the fore end 
of the laser light emitter 20. Finally, the emitted 
laser light is irradiated against treated tissues M. 

In this case, when the laser light is impinged 
from, the back end of each twisted core 1A. the 
power level distribution of the impinged laser light 
shows a distribution, which is similar to a normal 
distribution. However, the arrangement of the cores 
1A. 1A is randomized due to this twisting of the 
cores 1A, 1A. for example, the core 1A locating at 
the center part is twisted so as to locate at the 



circumferential part and another core 1A locating at 
the circumferential part is twisted so as to locate at 
the center part. Accordingly, as shown in Fig. i. 
the power level distribution of laser light emission 

5 from the emitter 20 shows a uniform distribution. 

In Fig. 1 , the emitting face of the emitter is not 
covered by anything. However, as shown by an 
imaginary line in Fig. 2, a surface layer 21 or a 
scattering layer, which will be explained after, can 

10 be formed on the emitting face of the fore end 
portion of the emitter 20. The emitter, whose emit- 
ting face is not covered by anything, is used for 
mainly coagulation and heating of the tissues. On 
the other hand, the emitter, whose emitting face is 

IS covered with the surface layer 21, is used for 
mainly vaporization of the tissues. 

The above mentioned base portion X as the 
laser light transmitting part can be coated with a 
protection tube 4 fabricated from a synthetic resin 

20 material and the like. 

In the present invention, the emitter having 
several kinds of shapes can be applied. There are, 
for example, a cylindrical-shaped emitter 20A hav- 
ing a flat emitting face as shown in Fig. 6, a knife- 

25 shaped flat emitter 20B as shown in Rgs. 7 and 8, 
a hook-shaped flat emitter 20C as shown in Fig. 9, 
claw-shaped emitters 20D as shown in Figs. 14, 15, 
16 and 17. a sickle-shaped emitter 20E as shown 
in Figs. 18, 19. 20 and 21. 

30 The emitter 20A of Fig, 6 is used for the 

coagulation, the heating and the vaporization of the 
tissues like the emitter 20 of Fig. 1 . 

In the emitter 20B of Figs. 7 and 8, the cores 
1A, 1A of the optical fibers are gathered to be a 

35 substantial straight line. Then, the emitter 20B is 
used surgically for the incision and the vaporization 
of tissues. The above mentioned surface layer can 
be formed on the knife-shaped face, that is the 
tapered face, of the emitter 20B. A handle 5 is 

40 attached to its back end portion. 

The emitter 20C of Fig. 9 is also used for 
mainly in a surgical treatment for the incision and 
the vaporization of tissues. 

In the emitter 20D of Fig. 14, a pair of emitting 

45 parts are provided to be faced each other. The 
emitter 20D is located so that the two emitting 
parts pinch the tumor of tissues. The emitter 20D 
whose emitting face is flat and covered by nothing 
as shown in Fig. 15 is used mainly for coagulation. 

50 On the other hand, the emitter 20D, whose emitting 
face is rounded off and covered with the surface 
layer explained hereinafter as shown in Fig. 16. is 
used mainly for vaporization. Further, the emitter 
20D, whose emitting face is tapered and covered 

55 with the surface layer as shown in Fig. 1 7, is used 
mainly for incision respectively. A grip handle 5C is 
provided at the back portion of the emitter 20D and 
can be operated with a restoring force. 
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The sickle-shaped emitter 20E of Figs. 18. 19. 
20 and 21 is used for mainly removing a tumor 
formed in a narrow path of organisms. In this case, 
the emitter 20E is inserted to be progressed in the 
direction of its axis. 

On the other hand, Fig. 22 shows an embodi- 
ment used mainly for the treatment of angio-plasty. 
An emitter 20F is formed to be ring-shaped and 
has a fore end face being rounded off at its circum- 
ference. Therefore, the emitter 20F can be pro- 
gressed in a blood vessel with a small refraction 
with the inner wall of the blood vessel. The emitter 
20F can be fabricated in the basically same man- 
ner as the above mentioned producing method, 
although the producing method of this embodiment 
differs in that a laser light transmitting part can be 
connected optically to a laser light generator by 
dividing the whole of optical fibers to, for example 
four groups. A main tube 30 is fabricated from a 
flexible material such as the resin of 
tetrafluorethylene and the like. Jhe emitter 20F and 
the main tube 30 are connected through the inter- 
mediary of a metal holder 31 . 

Each laser light transmitting part is inserted 
into the main tube 30 from an inserting hole 30a, 
Then, the fore end portion of the transmitting part 
is supported and surrounded by the holder 31 . The 
base portion or the back side portion of the trans- 
mitting part in the main tube 30 Is supported and 
surrounded by a synthetic resin holder tube 32. 

On the other hand, a through-hole 21 is formed 
to go through along the axis of the emitter 20F to 
communicate with the inner through-hole of the 
holder 31 and the holder tube 32. A conductive 
tube 33 is provided in the main tube 30 so as to be 
projected from the back end of the main tube 30. 
The tip end of the conductive tube 33 Is inserted 
into the inner side of the holder tube 32. A guide 
wire 34 is inserted through the conductive tube 33, 
further through the inner side of the holder tube 32 
and that of the holder 31 so as to be projected 
from the through-hole 21 of the emitter 20F. The 
base portion of the guide wire 34 is coated by a 
synthetic resin coating such as the resin of 
tetrafluorethylene. The fore end portion of the 
guide wire 34 Is tapered gently and is totally gold 
plated 34b. 

This laser light irradiation apparatus is used as 
follows; 

First, out of a human body, the guide wire 34 
is inserted through this apparatus. Next, the guide 
wire 34 is further inserted into the treated blood 
vessel BV so that the tip end of the guide wire 34 
is proceed further than a stricture part m, which will 
be burnt off by laser light irradiation. 

Then, laser light Irradiation apparatus other 
than the guide wire 34 is inserted in the blood 
vessel BV along the guide wire 34 so as to pro- 



ceed until the external surface of the fore end 
portion of the emitter 20F is adjacent to the stric- 
ture part m. Laser light is fed into the core 1A of 
each optical fiber to be emitted from the emitter 
s 20F mainly from the external surface of its fore end 
portion. Finally, the laser light is irradiated against 
the stricture part m. 

By the laser light irradiation, the stricture part 
m is burnt off to widen the inside of a blood vessel. 
70 In this case, if desired, pressurized air or pressur- 
ized liquid is sent into a well-known balloon, thus, 
the balloon Is expanded and press the stricture part 
m. Thus, together with the above mentioned burn- 
ing off the inside of the blood vessel by the laser 
75 light irradiation, the stricture part m can be broken 
mechanically. 

As shown in Fig. 22, in this embodiment, the 
laser light Is emitted from the circumference of the 
fore end face of the emitter 20F. Therefore, the 
20 laser light is irradiated efficiently against the stric- 
ture part m formed on the inner wall of the blood 
vessel BV. Accordingly, the stricture part m can be 
burnt off sufficiently even if the power level of the 
laser light is low. When the laser light is irradiated 
25 against the stricture part m, the laser light is irradi- 
* ated against also the projecting part of the guide 
wire 34. Therefore, the surface of the fore end 
portion of the guide wire 34 is coated by a gold 
plating layer 34b for preventing the surface from 
30 being damaged. 

Laser light irradiation apparatus of Fig. 22 is 
used for also a thermal therapy efficiently. As 
shown in Fig. 23. a lead wire 35 detecting a tem- 
perature having a thermocouple 35a at its tip end is 
35 brought into contact with the surface of cancer 
tissues M or is pushed into the cancer tissues M. 
Then, the emitter 20F is brought into contact with 
the surface of the cancer tissues M. Accordingly, 
the laser light having a low power level can be 
40 irradiated against the tissues M. In this case, the 
power level of the irradiated laser light can be 
controlled so as to keep the temperature of the 
tissues M at about 42-44*0. 

In the above mentioned embodiments, the em- 
45 itters are fabricated from ceramic such as quartz 
and the like. However, in the embodiment of Figs. 
2'4 and 25, an emitter 20G fabricated from a syn- 
thetic resin material is used. This emitter 20G is 
connected to a flexible protection tube 42 fab- 
50 ricated from the resin of tetrafluorethylene and the 
like through the intermediary of a metal holder 41 
having a sleeve-like connector 41 A. 

A supporting tube 43 fabricated from a syn- 
thetic resin material is provided to be connected to 
55 the holder 41 on the inner side surface of the 
protection tube 42. In the supporting tube 43, for 
example six optical fibers 40 are supported so as 
to surround the axis of the tube 43. Each optical 
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fiber 40 is optically connected to a laser light 
generator (not shown). A lead wire 35 detecting a 
temperature having a thermocouple 35a at its tip 
end is inserted through the holder 41 and the 
emitter 20G so as to be projected from the fore 
end portion of the emitter 20G. Then, the lead wire 
35 is connected to a temperature measuring unit 
(not shown). Then, according to the result of de- 
tecting the temperature, the power level of the 
laser light, which is fed into the optical fiber 40 
from the laser light generator, should be controlled. 
This controlling is carried out by, for example, 
adjusting a timer switch, which is provided between 
the laser light generator and the back end of the 
optical fiber 40. 

The emitter 20G composes a substantial cylin- 
drical part having a fore end face being rounded off 
at its circumference and another cylindrical part at 
the back side of the emitter 20G having a smaller 
radius than that of the substantial cylindrical part 
by the thickness of the holder .41. These two cylin- 
drical parts are fixed integrally. The smaller cylin- 
drical part of the emitter 20G is fitted in the sleeve* 
like connector 41 A. Adding to this fitting, if desired, 
by using an adhesive between the mating surfaces; 
a back end circumferential face of the larger cylin- 
drical part of the emitter 20G and the fore end 
circumferential face of the sleeve-like connector 
41 A for high strength in fixing. 

A laser light reflective layer 44 is formed on the 
mating surfaces of the emitter 20G and the holder 
41, in this embodiment the circle fore end face of 
the holder 41 and the inner side face of the sleeve- 
like connector 41 A. Although the reflective layer 44 
is preferably gold plated to give a high heat resis- 
tance, it might be aluminum plated and the like in 
view of the material of the layer. For forming the 
layer, vapor-deposit as well as plating can be used. 

Further, the fore end portion of the above men- 
tioned optical fiber 40 is inserted to be buried in 
the material of the emitter 20G and the fore end 
face of the core 40a of each optical fiber 40 is 
contacted with the material of the emitter 20G 
directly without any gap. 

The emitter 20G of this embodiment contains 
laser light scattering particles and is fabricated 
from the lasei* light penetrating synthetic resin ma- 
terial. The material is synthetic resin such as sili- 
cone resin, acrylic resin (more preferably, methyl 
metha-acrylate resin), carbonate resin, polyamide 
resin, polyethylene resin, urethane resin, polyester 
resin and the like, more preferably, thermoplastic 
synthetic resin. For the laser light scattering par- 
ticles, the material, which has a larger refractive 
index for the laser light than that of the above 
mentioned synthetic resin material of the emitter, is 
used, for example, a natural or an artificial material 
such as diamond, sapphire, quartz material, single 



crystal zirconium oxide, laser light penetrating syn- 
thetic resin having heat resistance (it is needless to 
say that it is different from the above mentioned 
synthetic resin material of the emitter), laser tight 

5 reflective metal (such as gold, aluminum and the 
like), and the particles on whose suriace the above 
mentioned laser light reflective metal are coated to 
be a compound material. 

On the other hand, if desired, in case that the 

10 emitter contains laser light absorbing particles such 
as carbon, graphite, iron oxide, manganese dioxide 
and the like together with the scattering particles, 
while the laser light is scattered in the emitter to be 
emitted from the emitter, the laser light is impinged 

75 on the absorbing particles to generate heat energy 
to give a large effect of heating. 

The above mentioned emitter 20G of this em- 
bodiment is fabricated by moulding to be a desired 
shape from the synthetic resin material, which is In 

20 a melted state and into which the scattering par- 
ticles are dispersed. Thus, the fore end portion of 
the optical fiber 40 is buried in the material of the 
emitter 20G as shown in Rg. 24 and the middle 
part of the lead wire 35 detecting the temperature 

25 is buried in the material of the emitter 20G so as to 
be fixed integrally to the emitter 20G. Accordingly, 
for fabricating this apparatus, for example, the hold- 
er 41 is made easily by moulding from one mould 
to which the material is poured, while the optical 

30 fiber 40 and the lead wire 35 are projected from 
the fore end circle face of the holder 41 . 

Laser light irradiation apparatus of this type is 
used, for example, in a following manner. The laser 
light is generated from the laser light generator, 

35 while this apparatus connected to an endoscope Is 
surgically or physically inserted to a treated target 
area in a human body. The laser light from the 
laser light generator is fed into the back end of 
each optical fiber 40 and is transmitted therein to 

40 be emitted from the fore end face of the core 40a. 
Then, the emitted laser light is fed into the emitter 
20G directiy and is penetrated therein to be emit- 
ted from its external surface, while the laser light 
repeats to be refracted on the scattering particles 

45 in the emitter 20G. Therefore, as shown in Rg. 24. 
the laser light, after repeating to be refracted, is 
emitted from the external surface of the emitter 
20G uniformly for the tissues. Then, as shown in 
Rg. 24, the laser light reaching at the internal 

so surface of the sleeve-like connector 41 A is re- 
flected on the reflection layer 44. Therefore, the 
sleeve-like connector 41 A and the metal holder 41 
are prevented from being heated and from being 
damaged, further, the reflected laser light is 

55 brought to go forward. 

Laser light irradiation of this embodiment is 
carried out in the same manner as that of the 
above embodiment of Rg. 23. That is to say. while 
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the external surface of the fore end portion of the 
emitter 20G is brought into contact with cancer 
tissues M. the projecting portion of the lead wire 35 
from the external surface of the fore end portion of 
the emitter 20G is pushed into the tissues M. Then, 
the temperature of the tissues M Is detected with 
the thermocouple 35a for controlling the power 
level of the laser light fed into the optical fiber 40. 
in other words, the power level of the laser light 
emitted from the external surface of the emitter 
20G. as described before. Then, the cancer tissues 
M are destroyed by keeping the temperature at 

about 42-44* C. 

As a modified embodiment of the embodiment 
of Rg. 24 and the like, each optical fiber 40 to- 
gether with the clad can be buried in the material 
of the emitter 20G. 

On the other hand, the laser light is irradiated 
against also the lead wire 35 detecting the tem- 
perature. Therefore, in order to prevent the lead 
wire 35 from being heated and from being damag- 
ed, the wire 35 is preferably coated with a laser 
light reflecting layer such as a gold plated layer 
and a titanium coating layer like the synthetic resin 
material coating and the gold plated layer on the 
above mentioned guide wire 35. 

Fig. 26 shows another embodiment. Laser light 
irradiation apparatus of this embodiment is used 
effectively in a treatment not for the surface of 
tissues but for inside of the tissues. 

An emitter 20H and plural number of optical 
fibers 50 are provided in this apparatus. At the fore 
end portion of each optical fiber 50. a clad 50B is 
removed so that a core 50A is exposed. The tip 
end of the core 50A is tapered. A laser light scat- 
tering layer is formed on almost all of the external 
surface of the core 50A. In this figure, this laser 
light scattering layer is directed by marking dots. 
For forming this scattering layer, first, ceramic pow- 
ders such as silicon dioxide and the like are 
sprayed and heated to a temperature which is 
slightly lower than its melting point. Therefore, the 
original sprayed powders do not become to be 
homogeneous due to incomplete heating. Then, 
these incompletely heated ceramic powders are 
cooled. Accordingly, the laser light scattering layer 
can be formed on the core 50A. where the powders 
partly melt and partly remain. Due to this scattering 
layer, when the laser light is emitted from the 
external surface of the core 50A, the laser light 
Impinges on each resulting ceramic powder with 
■ refraction to be scattered. 

On the other hand, the emitter 20H is provided 
so that the cores 50A. each of which is covered 
with this scattering layer, are buried in the material 
of the emitter 20H. The material of the emitter 20H 
is fabricated from synthetic resin containing scat- 
tering particles in the same manner as the embodi- 



ment of Fig. 24. 

Lead wires 52 for detecting temperatures are 
provided to be connected to the cores 30B respec- 
tively. The external surface of each lead wire 52 is 
5 gold plated. Then, the tip end of each lead wire 52 
locates adjacent to the back end face of the emitter 
20H. The lead wires 52 together with the optical 
fibers 50 are surrounded by a flexible sheath 53. 
which is fabricated from synthetic resin such as 
70 polyethylene, urethane and the like, silicone rubber 
and so on. By moulding, the sheath 53 is fixed 
integrally to the lead wires 52, the optical fibers 50 
and the emitter 20H. 

In case of applying apparatus of this embodi- 
75 ment. as shown in Fig. 26, first, a so-called punc- 
ture needle 55 together with a guide tube 54 is 
inserted into the tissues M such as liver tissues. 
Next, only the puncture needle 55 is removed. 
Then, instead of the needle 55. the fore end portion 
20 of this laser light irradiation apparatus is inserted 
into the tissues M so as to go through the guide 
tube 54. Then, the laser light is fed into each 
optical fiber 50 to be emitted from each core 50A 
provided at the fore end portion of the optical fiber 
25 50. Thus, the laser light is scattered in the scatter- 
ing layer covering each core 50A. Then, the scat- 
tered and emitted laser light is fed into the emitter 
20H and goes through it. while the laser light 
repeats to be scattered with the scattering particles 
30 in the emitter 20H. At last, the laser light is emitted 
from the external surface of the emitter 20H uni- 
formly. This apparatus is applied for a local thermal 
therapy for cancer tissues in a liver, encephalic 
malignant tumors and cancer tissues In a breast. 
35 The scattering particles contained in the scat- 

tering layer are basically the same as the; above 
mentioned scattering particles in the above men- 
tioned emitter 20H. However, the particles, which 
can not make a film when they melt, are not 
40 suitable, thus, ceramic particles are generally used 
for the scattering particles. 

Further, if desired, surface layers might be 
formed on the surfaces of the above mentioned 
several kinds of emitters or the surfaces of the 
45 above mentioned scattering surface layers covered 
on the cores 50A of Fig. 26 respectively to give a 
large scattering effect. 

This surface layer contains light scattering par- 
ticles, which have the larger refractive index than 
so that of the material of the emitter or that of the 
above mentioned synthetic resin material. For ex- 
ample, sapphire, silicon dioxide, aluminum oxide 
and the like are used as the scattering particles. 
Then, the surface layer contains also laser light 
55 absorbing particles, which can be included in the 
emitter as described before, such as carbon and 
the like. Rnally. the surface layer contains a binder, 
which sticks the particles to each surface and 
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forms a film on the surface as described 
hereinafter. 

Due to the surface layer, the laser light is 
scattered by the light scattering particles, further, 
when the laser light impinges on the laser light 5 
absorbing particles, the greater part of the energy 
of the laser light is converted to heat energy. 

Therefore, as the vaporization of the tissues is 
accelerated, the tissues can be incised with the 
laser light having the low power level of energy io 
penetrated into the emitter. When the tissues are 
incised, the emitter can be moved rapidly. Further, 
since the required energy of the laser light pene- 
trating into the emitter is low. the medical operation 
can be carried out in short time with a cheap and is 
small scaled laser light generator. 

On the other hand, referring to the surface 
layer, if a dispersion containing the laser light ab- 
sorbing particles and the light scattering particles 
was coated on the surface of the emitter, after a 20 
vaporization of a dispersion medium, the contact of 
this emitter with the tissues or other substances 
would cause a damage to the surface layer, be- 
cause the both kinds of particles are attached to 
the surface of the emitter only by physical adsorp- 25 
tive power. 

Therefore, by the binder which sticks the laser 
light absorbing particles and the light scattering 
particles to the surface of the emitter, an adhesion 
of the surface layer to the emitter is enhanced. In so 
this case, the binder is preferably made of light 
penetrating particles such as synthetic resin par- 
ticles or ceramic particles such as quartz particles 
and the like. For forming the film, when the syn- 
thetic resin particles are used as the material of the 35 
binder, the particles should be melted, or when the 
ceramic particles having a higher melting point 
than that of the emitter are used, the surface of the 
emitter should be melted. 

On the other hand, by a following means, the 40 
particles can be attached to the surface of the 
emitter strongly without a binder. For example, the 
laser light absorbing particles and the light scatter- 
ing particles are dispersed in a volatile liquid such 
as alcohol. Then, the above mentioned emitter is 45 
dipped into the dispersion. After pulling the emitter 
from the dispersion, at least the surface of the 
emitter is heated to a temperature, which is adja- 
cent to the melting point of the light scattering 
particles. Accordingly, the surface of the emitter is so 
partially melted, thus, the scattering particles are 
melted to be attached each other and to be at- 
tached to the surface of the emitter. Simultaneous* 
ly, the absorbing particles are included in the melt- 
ed layer of the scattering particles to form the 55 
surface layer without the binder. 

Further, by formirig a rough surface on the 
surface of the emitter or by forming the above 



mentioned surface layer on the rough surface, the 
laser light can be irradiated more effectively, be- 
cause, the laser light is scattered on the rough 
surface when the laser light Is emitted. If desired, 
the rough surface is formed on the above men- 
tioned core 5GA. further the above mentioned scat- 
tering layer might be formed on this rough surface. 

Although the diameter of the optical fiber of the 
present invention is not limited, when more than 
ten optical fibers are buried in the material of the 
emitter, it is preferably small of 10-200 ft m. more 
preferably 10-100 m. 

IndustrialUtilization 

It will be appreciated from the foregoing de- 
scription that, with small sized laser light irradiation 
apparatus of the present Invention, the laser light 
can be irradiated uniformly against the living tis- 
sues and against the living tissues having broad 
area as required. Further, it will be also appreciated 
that the guide wire and the lead wire detecting the 
temperature can be provided so as to be coaxial 
with the probe. Moreover, the power loss of the 
laser light is extremely decreased and supplying 
the cooling fluid is not required. 

Claims 

1. Laser light irradiation apparatus comprising the 
plural number of optical fibers transmitting la- 
ser light fed from a laser light generator and a 
laser light emitter, said apparatus being char- 
acterized by; 

at least the fore end portions of said op- 
tical fibers exposed to be cores respectively; 
and 

said exposed cores surrounded by a clad- 
material serving as said laser light emitter. 

2. Laser light irradiation apparatus according to 
claim 1, 

wherein the axes of said exposed cores are 
arranged separately on two-dimensions for 
two-dimentional laser light irradiation from said 
laser light emitter. 

3. Laser light irradiation apparatus according to 
claim 1. 

wherein the axes of said exposed cores are 
gathered to be on substantial one-dimention 
for one-dimentional laser light irradiation from 
said laser light emitter. 

4. Laser light irradiation apparatus according to 
claim 1, 

wherein the fore end portions of said optical 
fibers are arranged so as to be substantially 
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parallel to the emitting face or the emitting line 
of said laser light emitter and so as to be 
buried in said clad-material. 

5. Laser light irradiation apparatus according to 
claim 1, 

wherein the fore end portions of said optical 
fibers including said exposed cores and said 
dads surrounding said cores are buried in said 
clad-material. 

6. Laser light irradiation apparatus according to 
claim 1. 

wherein a through-hole is formed along the 
axis of said laser light emitter. 

7. Laser light irradiation apparatus according to 
claim 6, 

wherein a flexible guide wire for guiding said 
laser light emitter is inserted through said 
through-hole. 

8. Laser light irradiation apparatus according to 
claim 6, 

wherein a lead wire for detecting a temperature 
is inserted through said through-hole. 

9. Laser light irradiation apparatus according to 
claim 8, 

wherein plural number of lead wires detecting 
the temperatures are provided so that the tip 
ends of said lead wires can be brought into 
contact with corresponding positions respec- 
tively in tissues said laser light Is irradiated 
against. 

10. Laser light irradiation apparatus according to 

claim 1, 

wherein said clad-material is fabricated from a 
laser light penetrating synthetic resin material 
and contains laser light scattering particles. 

11. Laser light irradiation apparatus according to 
claim 1 , 

wherein a surface layer is formed on at least 
the effecting emitting face or the effecting 
emitting line of said laser light emitter, said 
surface layer contains laser light absorbing 
particles, light scattering particles which have a 
larger refractive index than that of said clad- 
material. 

12. Laser light irradiation apparatus according to 
claim 11, 

wherein the melting point of said light scatter- 
ing particle is the same as or lower than that of 
the material of said laser light emitter, said 
scattering particles are attached to the surface 



of said emitter while said scattering particles 
partly melts and partly keeps their shape to 
form a layer and said laser light absorbing 
particles are contained in said layer. 

5 

13. Laser light irradiation apparatus according to 
claim 11, 

wherein said surface layer contains laser light 
penetrating material as a binder for said laser 
JO light absorbing particles and said light scatter- 

ing particles. 

14. Laser light irradiation apparatus according to 
claim 1. 

,5 wherein said laser light emitter is held by a 

surgical handle. 

15. Laser light irradiation apparatus according to 
claim 1 , 

20 wherein a flat surface is provided on at least 

around an emitting face or the emitting line of 
said laser light emitter, 

16. Laser light irradiation apparatus according to 

25 claim 1, 

wherein a pair of laser light emitters including 
said optical fibers are arranged so that the 
emitting faces or the emitting lines of said 
emitters are faced each other. 

30 . , 

17. Laser light irradiation apparatus comprising 
four or more than four optical fibers transmit- 
ting laser light fed from a laser light generator 
and a laser light emitter, said apparatus being 

35 characterized by; 

at least the fore end portions of said op- 
tical fibers exposed to be cores respectively; 

said exposed cores surrounded by a clad- 
material serving as said laser light emitter; and 
40 the arrangement of said optical fibers at 

their base portions being different from the 
arrangement of said optical fibers at their fore 
end portions. 

45 18. Laser light irradiation apparatus according to 
claim 17, 

wherein said optical fibers are twisted or dis- 
torted at their base portions. 
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3 rn Claim numbers . because they are dependent claims 

sentences of PCT Rule 6A\a). 



and are not drafted m accordance vwith the second and third 



VI 



n OBSERVATIONS WHERE UNfTY OF INVENTION IS LACKING ' 



This international Searching Autnonty found multiple inventions 



m this international application as follows: 



, n A. an r.au.r.d addition., search fees were ..me.y paid by the .ppl-can.. .his .n.,rn...on.. s..rch repoa covers ... se.rch.b.e 
Claims of the international application 



4. — ( AS all searchable claims could be searched 



without aHort lustifymg an additional fee. the International Searching Authorhy did not 



*^ invite payment of any additional fee. 
Remark on Protest 

□ The additional search fees were aecompamed by applicant s protest. 

□ No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 isuppiemental sheet (21) Uanuaiv 1985) 



mis PAGE BUNK wiPTo, 



